The widespread use of mercurial diuretics has stimulated greater interest in the metabolism of organic mercurials in man. Recently proposed regimens (1) involving frequent, even daily, administration of mercurials, have focused particular attention on the 24 hour excretion of these compounds in relation to the cumulative toxicity of any mercury which may be retained. Moreover, little is known of the mechanism for eliminating mercury in the urine and its relation to the process of diuresis. Therefore, the following aspects of mercury excretion in man were studied: 1) the 24 hour urinary and fecal excretions of mercury after repeated administration of mercurial diuretics; 2) the course of urinary mercury excretion before, during and after the period of maximal diuretic response; 3) the effects on the excretion of mercury, water and electrolytes of pretreatment with substances known to modify the response to mercurial diuretics.
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MATERIALS AND METHODS
These studies were carried out on 17 patients, 13 of whom were in congestive heart failure. The latter were maintained on a restricted daily sodium intake of 8 to 10 meq. The non-cardiac subjects were on a regular hospital diet. Thiomerin was the mercurial generally employed, since it has no xanthine component which might independently influence the excretion of mercury while its tubular action is similar to that of other mercurials (2) . Injections of Mercuhydrin were included in some cases for comparison.
By varying the time of injection of the mercurial in five patients on a metabolic ward, measurements of the initial 18 to 24 hour urinary mercury excretion were obtained. The 24 hour collections of urine, which were analyzed for mercury, electrolyte and creatinine content, were continued for periods of 35 to 93 days. Stools were 1 Supported in part by grants from the National Heart Institute, U. S. Public Health Service, Campbell Pharmaceutical Co., and the Martha M. Hall Foundation.
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collected and pooled for three day periods before analysis. In addition, 32 studies of the early course of mercury excretion were performed in ten patients. Breakfast was withheld, but moderate hydration was achieved by permitting the patient to drink about 500 ml. of water. Complete collections were insured by instilling distilled water and air into the bladder via a retained soft rubber catheter. Following two or. three control collection periods, the mercurial was injected via the desired route, and urine collected, generally at 30 minute intervals, for three to seven hours. Then, the catheter was removed and additional urine specimens obtained by spontaneous voiding.
Chemical analyses of urine or blood were performed by the following methods: sodium and potassium by means of a Perkin-Elmer 52A lithium internal standard flame photometer; chloride by a modification of Sendroy's iodometric method (3) ; total mercury by the dithizone method, as modified by Gettler and Lehman (4); creatinine by Peters' (5) modification of the Folin-Wu method. Table I . From Figure 1 , showing total urinary mercury excretion of 17 subjects, several facts are evident. 1) As a result of early, relatively rapid excretion of mercury, half of the total (2 ml. = 80 mg. mercury) dose appears in the urine within 2½ to three hours. Another 20 to 40 mg. is excreted within 18 to 24 hours. 2) There is a definite retardation in mercury excretion during the first few hours after subcutaneous, as compared with intravenous, injection. Subsequently, the difference in total mercury excretion between the two routes of administration disappears. 3) Pretreatment with ammonium chloride does not influence the rate or completeness of excretion of subcutaneously or intravenously administered mercurials.
Despite the fairly complete urinary excretion of mercury within 20 to 24 hours, the output of 1208 result of, the rapid initial loss of mercury, the rate of excretion fell sharply, and after one and a half hours was slower than when the mercurial was given alone. E. Effect of route of administration on mercury excretion. In previous studies from this laboratory (2) , there was demonstrated a delay in the diuretic response to Thiomerin on subcutaneous, as compared with intravenous administration. This lag was attributed to the time required for absorption of the drug. This conclusion is strengthened by the results shown in Figures 7 and 8 in which the rates of mercury excretion after administration via both routes are compared. The delay in excretion of mercury after subcutaneous injection results in a significant retardation of total mercury output during the early period. However, following this initial delay of 30 to 60 minutes, the average rate of mercury excretion during subsequent collection periods equalled that following intravenous injection. Thus in subject E. M. (Figure 8 ), following the interval required for local absorption of the mercurial, the rate of urinary mercury excretion on four separate occasions followed the same general course (unaltered by ammonium chloride pre-treatment).
DISCUSSION
The recovery of mercury in the urine following administration of Thiomerin or Mercuhydrin in this series of patients is in agreement with results reported previously by one of us (6) and with those of Sollmann, Schreiber, and Cole (7) and Burch and associates (8) . The last named investigators administered Mercuhydrin containing radiomercury and followed urinary excretion by physical methods. The analytical error (9) thus incurred is probably larger than in those studies using chemical methods in which the error is 3 to 5 per cent. However, the data described above corroborate those of Burch in several significant respects. Firstly, although the 24 hour excretion was fairly complete, generally some mercury was still present in the urine after this time. Secondly, the most rapid rate of mercury excretion occurred prior to the onset of diuresis. Thus, our estimation of 2% to three hours for U1/2, the time required for excretion of half the quantity of intravenously injected mercury (Figure 1) , is similar to that of Burch and coworkers (8 Few data on fecal mercury excretion following administration of organic mercurials are available for comparison. Lomholt (10) reported that one-sixth to one-third of the total mercury excretion occurred via the gastrointestinal tract following long term treatment with mercury ointments. However, following the injection of mercurial diuretics, the fraction of excreted mercury appearing in the feces is much smaller. Furthermore, it will be seen from the last columns of Table I that the fecal and urinary excretion of mercury together are not sufficient to account for all the mercury administered. Kwit and associates (11) have recently proposed a regimen for the treatment of cardiac patients which requires daily administration of a mercurial diuretic and they state that all the mercury from a single injection is excreted in the urine within 24 hours. This is not confirmed by the results reported above nor by the literature cited (6, 8) . Thus from Table I it seems clear that significant amounts of mercury are excreted during the second, 24 hour period and occasionally during the third 24 hour period and that an appreciable fraction of the administered mercury cannot be accounted for even though the urinary and fecal excretion are followed for an ample number of days after the injection. It must then be concluded that daily administration of 2 ml. of a mercurial diuretic would inevitably lead to accumulation of mercury in the body. It is difficult to assess the clinical significance of this observation at the present time. Butt and Simonsen (12) have shown that quite high concentrations of mercury can occur in the kidneys of patients treated with mercurial diuretics but were unable to correlate the magnitude of mercury storage with the occurrence of mercurial nephrosis.
A relative dissociation of the diuretic response from the rate of mercury excretion was consistently observed in patients without organic renal disease. This is not surprising, since, in the absence of marked changes in renal hemodynamics, the degree of diuresis may vary with the factors influencing the fluid and electrolyte distribution of the patient and the renal tubular reabsorption of electrolytes and water, whereas the mercury excretion tends to remain more constant from one injection to another.
The lack of effect of DCA on mercury excretion provides further evidence for the independence of mercury excretion from electrolyte or water diuresis. Although an inhibitory effect on diuresis is present, which is in part secondary to a renal tubular effect, mercury excretion is not significantly influenced by the increased reabsorption of electrolytes and water.
As mentioned above, even the markedly increased diuresis after ammonium chloride pretreatment is not accompanied by significant changes in the excretion of mercury. Therefore, ammonium chloride potentiation of mercurial diuresis probably does not depend upon increasing the quantity of mercury available to the kidneys, either by lengthening the time the mercury remains in the kidneys or by increasing the quantity of mercury brought to this organ. The former would tend to depress the rate of mercury excretion, the latter to enhance it. A combination of both of these factors could conceivably leave mercury excretion unchanged, but there is no evidence in support of this third alternative.4 At present, it can only be suggested that ammonium chloride augments mercurial diuresis by increasing the efficacy of that relatively small moiety of excreted mercury which causes inhibition of tubular reabsorption.
On the basis of existing data, little can be said concerning the relationship between renal excretion of mercury and the mechanism of the diuretic response. However, the early excretion of a large fraction of the injected mercury before the onset of diuresis supports the concept that relatively little of the administered mercurial is actively involved in the production of diuresis. It should be emphasized that the method of mer-'It has been pointed out (13) (14) demonstrated that urinary excretion of mercury in rabbits was more rapid and complete when the intramuscularly injected mercurial was combined with theophylline. The present studies in one patient likewise indicate that theophylline (as aminophylline) accelerates urinary mercury excretion by independent pharmacologic action. It is quite possible that a similar mechanism obtained in the experiments of DeGraff and coworkers since theophylline is relatively loosely bound to the mercurial. The results here reported reveal also that the maximal effect of aminophylline occurs within the first half hour, during which time the rate of mercury excretion is almost doubled. Following this rapid removal and presumably secondary to it, the excretion of mercury falls sharply so as to cause an intersection of the two curves of Figure 9 at about one and one half hours. The rate of mercury excretion is thereafter greater following the control injection.
Although a separate tubular action producing diminished electrolyte reabsorption has been attributed to aminophylline, there is no reason to believe that mercury excretion would thereby be accelerated. In view of the initial increase in glomerular filtration produced by aminophylline (15) , the simultaneous rapid rate of mercury excretion may be attributed to increased filtration of mercury at a time when the plasma concentration is high. Whether mercury is excreted by a filtration and resorption mechanism is not established as yet. Tubular excretion of mercury would tend to be reflected by renal mercury clearances in excess of the glomerular filtration rate, and perhaps by progressively higher clearances as the plasma concentration of mercury falls. That this is not the case is evident from the results of Burch and associates (8) and ourselves (16) in which renal clearances of mercury were found to be below the glomerular filtration rate, and, if anything, to fall during the first two hours following mercurial administration. Studies from this laboratory (16) indicate that mercury may be taken up by the kidney parenchyma and later released. In this sense, tubular excretion may be said to occur, but this would not apply to the early, rapid mercury excretion which is further accelerated by aminophylline. The problem is further complicated by protein binding of mercury, which, at the plasma levels encountered, would theoretically be virtually complete (17) . However, during the first minutes following an injection, the amount of filterable mercury would be a function of the relative rates of mixing in the plasma and combination with protein and perhaps other compounds. Adequate evaluation of the renal excretion of mercury would, among other things, require clearance determinations over a wide range of plasma concentrations, probably too great to achieve safely in human subjects. More knowledge of the forms of excretion of mercury and their filterability is essential.
SUMMARY AND CONCLUSIONS 1. Following intravenous or subcutaneous injection of 2 ml. of Thiomerin or intramuscular injection of 2 ml. of Mercuhydrin, about 60 to 95 per cent of the injected mercury is excreted in the urine during the first 24 hours. Mercury continues to appear in the urine for the next day or so in highly variable amounts. Daily fecal excretion of mercury rarely exceeds 1 to 2 mg. for the days immediately following the injection but measurable quantities (greater than 0.3 mg.) may be recovered for some time thereafter.
2. Approximately 50 per cent of the mercury is excreted in the urine within 2% to three hours after intravenous injection of a mercurial diuretic. After subcutaneous injection the rate of mercury excretion during the first 30 to 60 minutes is reduced.
3. In most cases it is impossible to recover all the administered mercury in the excreta even when analyses are continued over a considerable period. Thiomerin and Mercuhydrin do not appear to differ significantly with respect to the fraction of the injected mercury which can be accounted for. 4 . Neither ammonium chloride which enhances, nor DCA which inhibits, the diuretic response to mercurials affects the renal excretion of mercury.
5. In one patient, aminophylline, administered simultaneously with a mercurial diuretic, but into a separate vein, produced an early marked increase in urinary mercury excretion. 6 . The significance of these findings with respect to the accumulation of mercury in the body after repeated injections and to the mechanism of renal mercury excretion is discussed.
